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Abstract - The renewable energy is the most efficient green 
energy technology now days. As the stand alone system has 
many drawbacks, the grid connectivity system and hybrid 
system are more sustainable form of energy. This Paper has a 
study and model design of Hybrid system comprising of solar 
and wind technology for a small locality and the hybrid 
system is designed with the help of HOMER software. This 
paper comprises the simulation data of each component used 
in Project work as well as the cost of the project during 
working and during setup. This is known as Hybrid 
Optimization Model for Electric Renewable. Here PV and 
Wind system is designed for the project purpose and DG set 
is used for the backup purpose, that means to ensure 
continuous supply and to take care of the intermittent 
conditions of wind and solar energy. 
Index terms - PV, HOMER, tubular gel battery, Wind 
Turbine 
I. INTRODUCTION 
Now a days fulfilling the energy demand only by using the 
conventional energy sources is a very difficult task, 
especially for the rural areas where the reach of grid is yet 
impossible. The main reason for this is that the 
conventional energy sources are exhaustible and limited in 
supply, which is degrading day by day[l]. Such type of 
energy scenario gives rise to the use of non-conventional 
energy sources that means the renewable sources of 
energy. Again the stand alone systems have some 
difficulties as they cannot provide the peak demand all the 
time, which gives rise to the Hybrid systems or renewable 
system with grid connectivity whose main aim is to save 
the conventional energy sources [2]. 
11. HYBRID ENERGY SYSTEM 
Hybrid system integrate the renewable energy sources 
like small wind turbines, pv-systems, fuel cells, biomass 
etc where the generated electricity is fed to a locality or 
directly to the grid or to the batteries for storage 
purpose[3]. Utilization of solar and wind is the best 
potential alternative sources of energy options as they are 
increasingly significant, attractive and cost effective[ 4-8]. 
In this paper an experimental design of hybrid energy 
system is described. Here PV i.e. solar and wind are taken 
as the sources of electricity generation. Also the cost 
associated with the system described here. 
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Fig- I. Line diagram of a hybrid PV IWind energy system 
Ill. SYSTEM REpORT - UPDATED CORRECT DC 
A case study is done in the Jharsuguda district of Odisha. 
This study is carried out by taking into consideration the 
altitude and longitude of the study area. The model 
generated by using homer software is given below. By 
analyzing this model we have proceeded into our work. 
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Fig. 2. Model of a Hybrid renewable energy system 
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a) Sensitivity case b) System architecture 
PV Array 
Primary Load 1 Scaled Average: 3.6 kWh/d 
5.05 kWh/m2/d 
3.34 m/s 
Wind turbine 
Solar Data Scaled Average: 
Wind Data Scaled Average: 
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d) Net Present Costs 
Component 
PV 
Generic 3 kW 
Generator I 
Tubular Gel battery 
Converter 
System 
e) Annualized Costs 
Component 
PV 
Generic 3 kW 
Generator 1 
Tubular Gel battery 
Converter 
System 
Generator 1 
Battery 
Inverter 
Rectifier 
Dispatch strategy 
Total net present cost $41,450 
Levelized cost of energy $ 2.468 /kWh 
Operating cost $ 1,106 /yr 
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Fig.3. Various cash flows associated with the system 
Capital Replacement O&M 
($) ($) ($) 
17,452 5,170 0 
1,641 651 1,048 
780 0 0 
6,432 5,597 3,988 
1,000 417 1,278 
27,305 11,835 6,315 
Capital Replacement O&M 
($/yr) ($/yr) ($/yr) 
1,365 404 0 
128 51 82 
61 0 0 
503 438 312 
78 33 100 
2,136 926 494 
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Fuel Salvage Total 
($) ($) ($) 
0 -2,897 19,724 
0 -121 3,219 
0 -159 621 
0 -749 15,268 
0 -78 2,618 
0 -4,005 41,450 
Fuel Salvage Total 
($/yr) ($/yr) ($/yr) 
0 -227 1,543 
0 -9 252 
0 -12 49 
0 -59 1,194 
0 -6 205 
0 -313 3,242 
IV. 
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Fig. 4. Cash flow study in the total project in each segment 
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ELECTRICAL COMPONETS 1 Total production 1 6,751 1 kWh/yr 
Component Production(kWh/yr) Fraction 
PV array 6,751 83% 
Wind turbine 1,362 17% 
Generator I 0 0% 
Total 8,113 100% 
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Fig. 5. Estimated electric production data for a year from hybrid 
system 
Load 
AC primary load 
Total 
Quantity 
Excess electricity 
Unmet load 
Capacity shortage 
Renewable fraction 
a) PV 
Quantity 
Rated capacity 
Mean output 
Mean output 
Capacity factor 
Consumption 
(kWh/yr) 
1,314 
1,314 
Value 
6,524 
0.00000187 
0.00 
1.000 
Value 
4.00 
0.771 
18.5 
19.3 
Fraction 
100% 
100% 
Units 
kWh/yr 
kWh/yr 
kWh/yr 
Units 
kW 
kW 
kWhld 
% 
Quantity Value Units 
Minimum output 0.00 kW 
Maximum output 4.21 kW 
PV penetration 514 % 
Hours of operation 4,366 hr/yr 
Levelized cost 0.229 $/kWh 
b) DC Wind Turbine: Generic 3kW 
Variable Value 1 Units 
Total rated capacity 1 3.00 1 kW 
Mean output 0.155 kW 
Capacity factor 5.18 % 
Total production 1,362 kWhlyr 
Variable Value Units 
Minimum output 0.00 kW 
Maximum output 2.78 kW 
Wind penetration 104 % 
Hours of operation 5,596 hr/yr 
Levelized cost 0.185 $IkWh 
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Fig. 7. Simulation result of wind mill for a year 
c) Generator 1 
Quantity 
Hours of operation 
Number of starts 
Operational life 
Capacity factor 
Fixed generation cost 
Marginal generation cost 
Quantity 
Electrical production 
Mean electrical output 
Min. electrical output 
Max. electrical output 
Quantity 
Fuel consumption 
Specific fuel consumption 
Fuel energy input 
Mean electrical efficiency 
>­� o 
1i 
5 o :r 
Value Units 
0 hr/yr 
0 starts/yr 
1,000 yr 
0.00 % 
0.718 $/hr 
0.230 $/kWhyr 
Value Units 
0.00 kWh/yr 
0.00 kW 
0.00 kW 
0.00 kW 
Value Units 
0 Llyr 
0.000 LlkWh 
0 kWh/yr 
0.0 % 
kW 
�J 1 � . b .2 .5 O. 
kW 
10.' 0.5 0.4 02 0.
Fig. 8. Generator simulation result(as it is black it is only used for 
the back up purpose all the electricity demand is filled up by 
renewable system, its only for load shading purpose) 
d) Battery 
Quantity 
String size 
Strings in parallel 
Batteries 
Bus voltage (V) 
Value 
24 
1 
24 
48 
Quantity Value Units 
Nominal capacity 60.0 kWh 
Usable nominal capacity 36.0 kWh 
Autonomy 240 Hr 
Lifetime throughput 24,000 kWh 
Battery wear cost 0.300 $/kWh 
Average energy cost 0.000 $/kWh 
Quantity Value Units 
Energy in 649 kWh/yr 
Energy out 520 kWh/yr 
Storage depletion 1.35 kWh/yr 
Losses 127 kWh/yr 
Annual throughput 582 kWh/yr 
Expected life 10.0 Yr 
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Fig.9. The battery histogram shows the charging state of battery and 
condition 
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Fig. 10.: This shows the range of charging state of battery in each 
month basis 
Fig. 11. Battery sim ulation result (Preliminary new battery is full of 
charge and good working condition, so state of charge is 100% and 
its symbolized totally red colour) 
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e) Converter 
Quantity 
Capacity 
Mean output 
Minimum output 
Maximum output 
Capacity factor 
Quantity 
Hours of operation 
Energy in 
Energy out 
Losses 
Inverter Rectifier 
1.00 1.00 
0.15 0.00 
0.00 0.00 
0.37 0.00 
15.0 0.0 
Inverter Rectifier 
8,759 0 
1,460 0 
1,314 0 
146 0 
API Msy s,= 
12. Inverter simulation result for a year 
Fig. 13. Rectifier simulation result for a year 
V. DISCUSSION 
Units 
kW 
kW 
kW 
kW 
% 
Units 
hrs/yr 
kWh/yr 
kWh/yr 
kWh/yr 
kW 
1 , ·.0 
.s 
6 
.4 
2 
0.0 
After performing the above analysis, we arrived at the 
following conclusions: 
a) From fig-3 and fig-4, we can see that, during the 
installation of plant, the large part of the initial cost 
is associated with the PV modules, then with the 
batteries and then small parts are associated with 
other components. But there is no maintenance cost 
associated with the PV system, and when comes to 
the replacement or sell the equipments, the 
maximum salvage value can be obtained by the PV 
modules. This shows that, energy production by 
solar PV is cost effective. 
b) Fig-5 shows that the energy generated by the PV 
modules is higher as compared to the wind. This 
energy production is maximum in the month of 
April and minimum in September. 
c) Fig-6 shows that the energy production by the PV 
modules occurs from morning 6a.m. to evening 6 
p.m. when the sun is present and the highest kW is 
produced in the peak/noon hrs i.e. from 12pm to 
2pm. 
d) Fig-7 shows that the energy production by the wind 
mills is done for the whole day. 
e) Fig-8 shows the generator output result. As the 
whole energy requirement is fulfilled by the 
renewable sources, so it is only used as a back up, 
so the generator output is nil i.e. black. 
f) Fig-9,1O,11, shows the battery bank connected to 
the output of the hybrid system is always charged, 
because either sun or wind is always present during 
the whole day to provide input supply to the battery 
banks. 
g) Fig-12,13, shows, the inverter is triggered perfectly 
for the whole year as the required input is acquired 
by the sun or wind, because when the sun is absent 
in the night hours, wind fulfill the energy 
requirement. The rectifier is not required as the out 
from the system itself is DC, so the rectifier out is 
very low. 
VI. CONCLUSION 
It has been concluded that rural electrification presents 
different load patterns in relation to that of urban loads 
in terms of the daily variation expected and the yearly 
variation: rural patterns are smoother. Besides, in case 
of remote areas that present small incomes (common 
parameters for most rural areas), the extension of 
utility grids is not feasible and the total dependence on 
imported fossil fuels is economically unaffordable, 
fuel transport costs become prohibitive. 
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